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Foodborne Marine Biotoxins

Mark A. Poli

U.S. Army Medical Research Institute of Infectious Diseases,
Fort Detrick, Maryland, U.S.A.

I. BACKGROUND

Marine biotoxins, which are globally distributed, are responsible for numerous human intoxication
syndromes due to the ingestion of cooked or uncooked seafood. Over 2500 cases of foodborne
diseases caused by fish and shellfish toxicity were reported to the Centers for Disease Control and
Prevention (CDC) between 1993 and 1997 in the United States (1). Marine biotoxins are estimated
to cause over 60,000 foodborne intoxications worldwide each year (2). In addition to human intoxica-
tions, they cause massive fish kills, negatively impact coastal tourism and fishery industries, and have
been implicated in mass mortalities of birds and marine mammals. The long-term environmental and
public health effects of chronic exposure to these toxins are poorly understood; research needs are
only beginning to be addressed (2,3).

Ingestion of seafood containing marine biotoxins causes six identifiable syndromes: paralytic
shellfish poisoning (PSP), neurotoxic shellfish poisoning (NSP), ciguatera fish poisoning (CFP),
diarrhetic shellfish poisoning (DSP), amnesic shellfish poisoning (ASP), and azaspiracid poisoning
(AZP). With the exception of CFP, which, as the name implies, is caused by eating contaminated
finfish, all are caused by the ingestion of shellfish. And, with the exception of ASP, the causative
toxins are all isolated from marine dinoflagellates. ASP is notable as a syndrome caused by the
only known toxin produced by a diatom. These toxin-producing species are a small minority of the
thousands of known species of phytoplankton. However, under the correct environmental conditions,
they can proliferate to high cell densities known as blooms. During these harmful algal blooms
(HABs), they may be ingested in large quantities by zooplankton, filter-feeding shellfish, or grazing
or filter-feeding fishes. Through these intermediates, toxins can then be vectored to higher trophic
levels, including humans.

In recent decades, there has been a perceived increase in both geographic distribution and
occurrence of HABs (2,4,5). While a portion of this increase is undoubtedly a result of increased
monitoring and reporting programs as well as improved detection technologies, a global expansion
in geographic range of several syndromes has been well documented (2,4,5). It seems likely that
anthropogenic effects have contributed to this expansion, but to what extent is currently a subject
of debate. What seems certain, however, is that foodborne marine biotoxins will continue to be an
important issue to the seafood industry, recreational harvesters, and consumers for the foreseeable
future.

The views, opinions, and/or findings contained herein are those of the author and should not be construed
as an official Department of the Army position, policy, or decision unless so designated by other documen-
tation.
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This chapter will briefly describe the six major toxic syndromes mentioned above and the impli-
cated toxins. Space limitations do not allow a discussion of cyanobacterial toxins obtained through
contaminated drinking water. Readers interested in this topic should refer to Ref. 6 and references
therein.

. HUMAN INTOXICATION BY MARINE BIOTOXINS
A. Paralytic Shellfish Poisoning

PSP results from ingesting shellfish contaminated with a family of heterocyclic guanidines called
saxitoxins (Fig. 1). The name saxitoxin (STX) is derived from the giant butter clam Saxidoma
giganteus, from which the toxin was first isolated (7). While STX was the original toxin isolated,
the family of PSP toxins is now known to consist of over 20 derivatives of varying potency. They
are associated with species of marine dinoflagellates belonging to the genera Alexandrium, Pyrodin-
ium, and Gymnodinium, as well as several species of freshwater cyanophytes. More recently, the
isolation of STX from species of Moraxella associated with dinoflagellate cultures suggests a bacte-
rial origin (8). In filter-feeding shellfish such as clams, oysters, mussels, and scallops, toxins accumu-
late after ingestion of dinoflagellate cells during bloom conditions or resting cysts from the sediment.
The toxin profile in the originating dinoflagellates can be modified by metabolic biotransformation
reactions in the shellfish (9). Ingestion of toxic shellfish by humans results in the characteristic signs
and symptoms of intoxication. These toxic dinoflagellates occur in both tropical and temperate
oceans. Approximately 2000 cases of PSP are estimated to occur annually across regions of North
America, South America, Burope, Japan, Australia, Southeast Asia, and India (2,5). The overall
mortality rate has been estimated at 15% (2). In addition to human intoxications, PSP toxins have
also been suspected in the deaths of birds (10) and humpback whales (11).

STX and its derivatives elicit their physiological effects by interacting with the voltage-depen-
dent sodium channels in excitable cells of heart, muscle, and neuronal tissues. High-affinity binding
to neurotoxin receptor site 1 on the sodium channel blocks ion conductance across the cellular
membranes, thereby inhibiting depolarization. While all voltage-dependent sodium channels are
susceptible to saxitoxins, pharmacokinetic considerations make the peripheral nervous system the
primary target in seafood intoxications.

FIGURE 1 The basic toxin structure of the paralytic shellfish poisons. In the parent carbamate compound
(saxitoxin), R,, R;, and R; = H. A number of sulfated and hydroxylated derivatives at these locations
make up the carbamate class of PSPs. In addition, the same sulfated/hydroxylated derivatives occur as
carbamoy! or decarbamoyl classes of PSP toxins where the carbamate group is replaced by OCONHSO;”
or OH, respectively.
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Ingestion of PSP toxins results in a rapid-onset (minutes to hours) complex of paresthesias
including a prickling, burning, or tingling sensation in the lips and mouth that rapidly progresses
to the extremities. At low doses these sensations can disappear in a matter of hours with no sequelae.
At higher doses numbness can spread from the extremities to the trunk, followed by weakness,
ataxia, hypertension, loss of coordination, and impaired speech. At lethal doses respiratory failure
results from paralysis of respiratory musculature (8,12). Children appear to be more susceptible
than adults. In an outbreak in Guatemala in 1987 involving 187 cases, the highest attack rate occurred
in patients 13—17 years old, and children <6 years of age had a much higher mortality rate (50%)
than that of victims 18 years and older (5%) (12,13). The lethal dose for young children may be
as low as 25 pg STX equivalents* (13), while that for adults is probably about 1-4 mg STX equiva-
lents (2). In adults, clinical symptoms can occur upon ingestion of approximately 0.7 mg equivalents
(14). Shellfish can contain up to 10-20 mg equivalents per 100 g of meat, so ingestion of only a
few shellfish can cause illness (2,13,15). Fortunately, clearance from the blood via the urine is rapid.
After a series of outbreaks of PSP on Kodiak Island, Alaska, in 1994, serum half-life was estimated
to be less than 10 hours. Respiratory failure and hypertension resolved in 4-10 hours in these
victims, and toxin was not detectable in urine 20 hours after ingestion (15).

Treatment of PSP centers upon removing unabsorbed material from the gastrointestinal tract
and supportive care. In severe cases, mechanical ventilation may be necessary. Neither antidote nor
vaccine is currently available.

Toxins in clinical samples can be detected by several methods. High-performance liquid chro-
matography (HPLC) can detect individual toxins, but typically requires derivatization reactions
(16,17). While this allows elucidation of toxin profiles that can provide valuable comparative data, it
provides no information on toxicity. Receptor-binding assays based upon either rat brain membranes
(18,19) or purified STX binding proteins from frogs or snakes (saxiphilins) (20) measure total biolog-
ical activity without regard to toxin profile. All of these assays have been used to detect PSPs in
the urine and serum of intoxicated victims (15). Immunologically based assays can detect major
toxins such as STX or neosaxitoxin, but cross reactivity with other PSPs is highly variable. At
present, the “gold standard” assay for PSP toxins in shellfish is still the mouse bioassay (21), although
a rapid-throughput microtiter plate—based version of the receptor-binding assay (19) shows great
promise as a regulatory screening tool.

Many countries, including the United States, have established regulatory limits for PSP and
closely monitor the commercial shellfish banks. In the United States the guidance level is 80 ug/
100g of shellfish meat (22), and individual states monitor the toxin levels by mouse bioassay. Thus,
commercially purchased shellfish is typically of low risk to the consumer. Recreationally harvested
shellfish, however, are not monitored, and private individuals may not be cognizant of commercial
regulatory restrictions. The greatest risk to the consumer is from shellfish harvested outside the
regulatory sphere. For the recreational fisherman, the greatest safety will come from being aware
of any harvesting prohibitions in the area and restricting recreational harvesting accordingly. While
visible signs of toxicity, such as discoloration of the water or dead or dying fish, may be present,
they are not reliable indicators of the shellfish safety.

B. Neurotoxic Shellfish Poisoning

NSP results from the consumption of shellfish contaminated with brevetoxins (Fig. 2), a group
of cyclic polyether neurotoxins produced by the marine dinoflagellate Karenia brevis (formerly

* Toxicity in shellfish is routinely measured using a mouse bioassay. This assay measures the composite
toxicity of the solution, which consists of a mixture of PSP components of varying toxicity. The assay
results are compared to a standard curve derived from reference standard saxitoxin, and thus the total
activity of the extract is expressed as “saxitoxin equivalents.” For pure saxitoxin, 1 mouse unit (MU) =
approximately 0.2 ig.
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FIGURE 2 Polyether backbone structure of the PbTx-2-type (A) and PbTx-1-type (B) brevetoxins.
Derivatization at R, R,, and R, account for the nine known members of this class of toxins, which are
the causative agents in neurotoxic shellfish poisoning.

Ptychodiscus brevis). Like PSPs, brevetoxins accumulate in filter-feeding molluscs that are then
consumed by humans (23). Unlike PSP, however, it appears that the causative agents in NSP are
actually molluscan metabolites of the parent brevetoxins (24). This syndrome has historically been
limited to the American states bordering the Gulf of Mexico, although in 1993 an outbreak of
shellfish poisoning in New Zealand was identified as NSP. The causative organism was a novel
Gymnodinium species (Gymnodinium cf. breve), which produced brevetoxin-like neurotoxins (2).
In 1987, an outbreak of NSP was reported in North Carolina. In this case, a mass of Florida Gulf
Stream water containing K. brevis was trapped in a warm-core eddy and was carried into coastal
waters, where it remained intact for several weeks (25). During this time, 48 cases of NSP were
reported. However, this rare concurrence of a sea surface temperature anomaly and favorable local
conditions has not been repeated. Recently, a bloom of Chattonella verruculosa appeared in Reho-
both Bay, Delaware, coincident with mass mortalities of menhaden. Cell samples were found to
contain significant levels of brevetoxins (Dr. Carmelo Tomas, University of North Carolina at Wil-
mington, personal communication). While no cases of human illness were reported, this event opens
the possibility of a range extension of NSP into the Delaware and Chesapeake Bays.

Because K. brevis is an unarmored dinoflagellate and therefore relatively fragile, it is easily
lysed by wind or wave action. Consequently, blooms are frequently associated with massive fish
kills when lysed cells release toxins into the water column. These lipophilic compounds easily
diffuse across gill membranes in fish, where they rapidly exert their toxicity. In an analogous manner,
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brevetoxins can be aerosolized by wind, wave, and surf action and cause irritation, coughing, and
burning of the throat and upper respiratory tract in beachgoers during coastal red tide blooms. In
1996, a mortality event occurred when at least 149 manatees were unable to escape a Florida red
tide (26).

Brevetoxins and their metabolites bind to neurotoxin receptor site 5 on voltage-sensitive sodium
channels where they alter the voltage-dependence of activation and inhibit channel inactivation
(27,28). This results in inappropriate and prolonged channel opening.

Symptoms of NSP can manifest within an hour of consumption of contaminated shellfish. These
typically include nausea, oral paresthesias, ataxia, myalgia, and fatigue. In severe cases, tachycardia,
seizures, and loss of consciousness can occur, but a fatal case of NSP has never been reported.
Treatment consists of removing unabsorbed material from the gastrointestinal tract and supportive
care. Patients typically improve dramatically in 2448 hours.

Brevetoxins are eliminated primarily in the bile, although urinary excretion plays a significant
role. Animal models suggest that most of the toxin is eliminated within 48—72 hours, although some
residue remains in lipophilic tissues for extended periods (29,30). Human pharmacokinetic data are
very limited. However, a severe NSP outbreak occurred in Florida in 1996 when a family ingested
whelks collected in Sarasota Bay. Two children were hospitalized with severe symptoms, including
seizures. Brevetoxin metabolites were detected in urine samples collected 3 hours postingestion but
were undetectable 4 days later (24). With supportive medical care, symptoms resolved in 48-72
hours.

The toxic dose of brevetoxins in humans has not been established, although it is clear that eating
only a few shellfish can result in severe intoxication. Toxins in clinical samples can be detected either
by HPLC coupled to mass spectrometry, receptor-binding assays, or immunoassays (24). Because
metabolic conversion of the parent toxins occurs in shellfish, and metabolites are less pharmacologi-
cally active than the parent toxins, it appears at this time that immunological assays are preferable
as screening tools. However, the question of secondary metabolism in humans may impact this
issue, and it awaits further study.

The FDA guidance level for brevetoxins in shellfish is 80 pug/100 g of shellfish tissue (22),
and Gulf Coast shellfish are closely monitored. State laboratories monitor both toxin activity in the
shellfish and K. brevis cell counts in the water column. Fishing grounds are closed when cell counts
are significant and reopened when toxin activity in shellfish reach safe levels. For this reason, com-
mercially harvested shellfish are very safe. Once again, the greatest risk occurs from recreational
harvesters. As with PSP, avoiding intoxication is best accomplished by limiting consumption to
commercially caught shellfish and avoiding privately caught shellfish of unknown origin. Recre-
ational harvesters should keep abreast of closures and harvesting limitations set forth by state agen-
cies.

C. Ciguatera Fish Poisoning

CFP is a syndrome caused by exposure to ciguatoxins through the consumption of fresh fish. Like
brevetoxins and PSP toxins, ciguatoxins originate with dinoflagellates, in this case the benthic spe-
cies Gambierdiscus toxicus. This organism is an epiphyte, growing in association with filamentous
algae on coral reefs and reef lagoons. Specific strains of G. foxicus produce precursors of ciguatoxins,
which are ingested by grazing herbivorous fish and invertebrates (31). As these precursors move
up the food chain to higher trophic levels through predation, they are metabolically modified to
form a family of very potent neurotoxins (Fig. 3) (32,33). At present, over 20 members of this
family have been identified. The Pacific form of the toxin varies slightly from the Caribbean form,
although both are long cyclic polyether compounds reminiscent of the brevetoxins. Large, predatory
reef-dwelling carnivores such as grouper, snapper, barracuda, and jacks are especially recognized as
frequent carriers of ciguatoxins. However, small reef-dwelling herbivores can also cause ciguatera,
especially when consumed whole. This is especially true in the tropical Pacific, where these small
herbivores are more widely eaten.
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FIGURE 3 Polyether backbone structure of the Pacific (A) and Caribbean (B) forms of ciguatoxin, the
causative agent in ciguatera fish poisoning. Derivatization at R, and R, and less energetically favorable
epimers make up the more than 20 members of this class.

Although CFP occurs globally in tropical and subtropical latitudes approximately paralleling
the distribution of reef-building corals, it occurs most frequently in the Pacific Ocean, western Indian
Ocean, and the Caribbean. However, modern advances in the shipping of fresh fish has expanded
the range of CFP to virtually anywhere in the world. Even within endemic regions, however, it is
highly variable and spotty in distribution. In most areas only a small percentage of the large fish
are toxic. Difficulties in predicting toxic areas and detecting toxicity in fish has always been a major
impediment to the implementation of control measures.

CFP is estimated to affect more than 25,000 people annually (33), although substantial underre-
porting undoubtedly occurs. The symptomatology is complex. In severe cases, symptoms can de-
velop in as little as 30 minutes; in milder cases onset can be delayed 24 hours or more. The early
symptoms are typically gastrointestinal, including nausea, vomiting, diarrhea, and abdominal pain.
These generally last only 24—48 hours and may co-occur with neurological symptoms such as tin-
gling of the lips and extremities, reversal or abnormalities in hot/cold temperature sensations, and
severe localized itching. These neurological symptoms occur in nearly all cases and are often accom-
panied by a wide range of other signs and symptoms (34). Fatigue, muscle and joint pain, and mood
disorders such as anxiety or depression occur in 50% or more of cases (33). Severe cases may also
manifest cardiac symptoms such as bradycardia and hypotension. There are also regional differences
in symptomatology, probably resulting from regional differences in toxins (33). Although the gastro-
intestinal symptoms resolve early, neurological symptoms often persist for weeks or even months.
Late in the course of recovery, symptoms may become episodic, recurring during periods of stress
or after consumption of certain foods or alcohol.

Like brevetoxins, ciguatoxins bind to neurotoxin receptor site 5 on the voltage-dependent so-
dium channel and cause a hyperpolarizing shift in the voltage dependence of channel activation
(33). For mammals they are the most potent sodium channel toxins known.
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Treatment of CFP consists primarily of symptomatic care and preservation of electrolyte and
fluid balances. While not beneficial in all cases, patients diagnosed early may respond to intravenous
mannitol treatment (35,36). During the recovery period, avoiding the consumption of fish and alcohol
are recommended.

Ciguatoxins in fish are best detected with analytical methods such as liquid chromatography
coupled to mass spectrometry. However, such analytical techniques are not useful for analyzing
large numbers of samples. Because levels in fish tissues are typically in the parts-per-billion range
or below, most techniques lack the required sensitivity. Development of immunological assays has
been hindered by the lack of purified toxins with which to vaccinate animals for specific antibody
production. Synthesis of the backbone structures is extremely difficult, but progress is being made
for some of the Pacific forms (37,38). At present, the most useful in vitro assay available is still
the competitive receptor-binding assay with rat brain membranes (18,31). This assay takes advantage
of the fact that ciguatoxins and brevetoxins bind to a common receptor site and therefore radiolabeled
brevetoxin can be used as the probe. It is sufficiently sensitive to detect cignatoxins at levels that
are believed to cause human intoxication but not to provide the desired safety margin for regulatory
testing. Improved assays for these toxins are desperately needed in many parts of the world.

At present, there is no regulatory guidance level for ciguatoxins and the commercial fish harvests
are not monitored. Some local jurisdictions have implemented bans on the sale of certain toxic
species. The primary control measure for CFP is avoidance of toxic fish. For consumers this means
being aware of the local situation with regard to prevalence and implicated species. It is prudent
to avoid eating locally implicated species in particular and large coral reef-dwelling predators in
general. If in doubt, eating small portions reduces the risk. Although screening individual high-risk
fish is not yet fully feasible for either the seafood industry or the individual consumer, research
continues for new assay technologies to achieve this goal.

D. Diarrhetic Shellfish Poisoning

Diarrhetic shellfish poisoning occurs after consumption of shellfish containing okadaic acid or its
derivatives (Fig. 4). Okadaic acid was named for the black sponge Halichondria okadai, from which
it was first isolated. However, it was later determined that the origin of the toxin was actually
dinoflagellates of the genera Prorocentrum and Dinophysis. These organisms also produce at least
seven okadaic acid derivatives denoted dinophysistoxins (DTXs). Other toxins, such as the pecteno-
toxins and yessotoxins, often co-occur with the DTXSs in shellfish tissues. However, because these
toxins differ from the DTXs in their mechanism of action and are much less potent orally, there is
some question as to whether they should be considered as part of the DSP complex (8).

Toxic species of Dinophysis and Prorocentrum are distributed worldwide. Consequently, DSP
is also widespread. It occurs seasonally and is a major problem to the shellfish industry in Europe
and Japan, but has also been documented in South America, South Africa, New Zealand, Australia,
Thailand, Mexico, Scandinavia, and Canada (2,39). The primary vector to humans is cultured or

FIGURE 4 Diarrhetic shellfish poisons. In okadaic acid, R, and R, = H. Methylated or acylated deriva-
tives make up dinophysistoxins 1-3.
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wild mussels, which accumulate toxins in the digestive glands after filter-feeding. Although the
toxin-producing species Prorocentrum lima has been found associated with cultured mussels in
Maine and low levels of okadaic acid have been measured in shellfish from the Gulf of Mexico
(40), no outbreaks of DSP have yet been reported in the United States.

Symptoms of DSP intoxication in humans can occur within 30 minutes of ingestion and consist
entirely of gastroenteritis, including nausea, vomiting, diarrhea, and abdominal pain. Symptoms
typically resolve in 2—4 days. Treatment is symptomatic, including maintenance of fluid and electro-
lyte balances, and no deaths have been reported.

DSPs are potent inhibitors of serine/threonine protein phosphatases. Activity is highest for the
PP2A class, lower for the PP1 class, and minimal or absent for the PP2B and PP2C classes of
phesphatases (2,8,12). Diarrhea is thought to be a result of hyperphosphorylation of proteins control-
ling sodium secretion by intestinal cells (39), causing impaired water balance and fluid loss. In
addition, through their effects on diverse protein phosphorylation and dephosphorylation reactions,
DTXs can impact such diverse cellular processes as signal transduction, memory, cell division, and
apoptosis (8). Whether these effects are important in human intoxications is not fully understood.

Both okadaic acid and at least one of the DTX derivatives are potent tumor promoters (41,42).
The mechanism of this activity is thought to be increased phosphorylation of critical cellular proteins
and/or intermediate filaments and changes in DNA gene expression resulting from phosphorylation
of suppressor elements (12). Again, it is not known whether this activity poses a significant public
health threat to the seafood consumer. However, the wide distribution of toxic Prorocentrum and
Dinophysis species and detection of low levels of DTXSs in shellfish in diverse regions raises the
question of whether chronic ingestion of subsymptomatic doses of these compounds could pose a
health risk. One study, although only tentative in its conclusions, has suggested an association be-
tween long-term regular shellfish consumption and digestive cancers in France (43). More study of
this issue is urgently needed.

Currently, the U.S. regulatory action level for DSP toxins is 20 ug/100 g (22). The minimum
dose of the major DSP toxins necessary to produce symptoms in humans is estimated to be 35-40
ug (12). Internationally, guidance levels vary. Canada has informally adopted the Japanese limit of
5 MU/100 g of meat (about 20 g/100 g) (44); the European community has no current standard
but is in the process of adopting a limit of 16 pg/100 g of shellfish (Douglas McLeod, President, '
European Mollusc Producers Association, personal communication; Dr. Kevin James, Cork Institute
of Technology, personal communication).

Detection of DSP toxins at the regulatory level is still dependent primarily upon the mouse
bioassay (45). Other techniques, such as an in vitro phosphatase inhibition assay, immunoassays,
and a variety of in vitro bioassays have been proposed and are currently in various stages of valida-
tion (17). In most areas of the world where DSP is a problem, shelifish stocks are closely monitored
for the presence of toxins and the waters monitored for toxic dinoflagellates. Thus, as with other
shellfish intoxication syndromes, the best recourse for avoiding DSP is to restrict consumption to
commercially regulated shellfish products. Recreational harvesters, as always, should closely moni-
tor the local restrictions on harvesting and remember that there will probably be no visible indicators
of shellfish toxicity.

E. Amnesic Shellfish Poisoning

ASP first came to the attention of public health authorities during an outbreak in Prince Edward
Island, Canada, during the winter of 1987. In this event, over 100 people became ill after eating
contaminated mussels, and 3 people died. The causative agent was soon identified as domoic acid
(Fig. 5) (46). Domoic acid was not an unknown compound; it had been isolated from red macroalgae
in 1958 (47) and was the active ingredient in an algal extract used as an antihelmitic in fishing
villages in rural Japan. It had been evaluated and subsequently rejected as a potential insecticide.
Consequently, it was quite surprising to discover link between domoic acid and an outbreak of
human seafood intoxication. Even more surprising was the identification of the diatom Nitzschia
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FIGURE 5 Domoic acid, the causative agent in amnesic shellfish poisoning.

pungens f. multiseries (now known as Pseudo-nitzschia multiseries) as the causative organism. This
remains the first and only known seafood toxin produced by a diatom. Since that time, several other
species of Pseudo-nitzschia around the world have been demonstrated to produce domoic acid (48).

Since the first outbreak in Canada in 1987, the wide distribution of domoic acid—producing
species of Pseudo-nitzschia has become clear. In 1991 a die-off of numerous cormorants and pelicans
occurred in Monterey Bay, California. These birds had been feeding on anchovies containing high
levels of domoic acid in their guts after filter-feeding during a bloom of P. australis. This bloom
later moved up the coast and caused the toxification of razor clams and Dungeness crabs in Washing-
ton and Oregon. Several cases of human intoxication are thought to have resulted from the ingestion
of these razor clams, although a definite connection was not made (49). In 1998, over 400 California
sea lions died and numerous others displayed signs of neurological impairment in the Monterey
Bay area during another bloom of P. australis. Again, high levels of domoic acid were detected in
anchovies and in the feces of the sea lions (50). Domoic acid has since been found to be seasonally
widespread along the Pacific coast of the United States (51) as well as the Gulf of Mexico. Around
the world, domoic acid has been reported in such diverse locales as New Zealand, Mexico, Denmark,
Spain, Portugal, Scotland, Japan, and Korea. Occasionally, levels in shellfish become sufficient to
stimulate bans on harvesting. Fortunately, since the initial 1987 Canadian outbreak and the suspected
cases in Washington in 1991, no further human cases have been reported. This is no doubt attribut-
able to effective survey and monitoring programs.

Domoic acid is a neuroexcitatory amino acid, structurally related to kainic acid. It binds with
high affinity to the kainate and o-amino-3-hydroxy-5-methyl-4-isoxazoleproprionic acid (AMPA)
subtypes of the glutamate receptor throughout the central nervous system and elicits nonsensitizing
or very slowly sensitizing currents. The nonsensitizing nature of these currents causes a protracted
influx of cations into the neurons through the receptor channels, stimulating a variety of intracellular
biochemical events that lead to cell death in susceptible cells (52). Kainate and AMPA glutamate
receptor subtypes are present in high concentrations in the hippocampus, a portion of the brain
associated with learning and memory processing.

Symptoms of intoxication occur within hours of ingestion and include vomiting, diarrhea, or
abdominal cramps within 24 hours and potentially confusion, disorientation, memory loss, and, in
serious cases, seizures, coma, and death. The memory loss involves primarily short-term memory,
and in the Canadian outbreak was more prevalent in elderly patients (53). Diverse neurological
deficits may occur and can persist for months. Potential treatment regimens are discussed in Ref.
53.

Based upon levels measured in Canadian shellfish, it was estimated that mild symptoms can
occur after ingesting about 1 mg/kg domoic acid; severe symptoms occur when 2-4 mg/kg are
ingested. The current regulatory limit for domoic acid in shellfish in Canada, the European Commu-
nity, and the United States is 20 pug/g (22). Assuming a serving size of 250 g, this approximates
an oral dose of 0.1 mg/kg or less, 10-fold less than the lowest reported toxic dose (3). Even so,
the European Community is in the process of reducing their regulatory limit to 4.6 pLg/g in harvested
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shellfish. The 20 pg/g limit will still apply to sales (Kevin James, Cork Institute of Technology,
personal communication).

The official regulatory testing method for domoic acid in the United States and the European
Community utilizes analytical HPLC. However, both immunological methods and a very simple
and inexpensive thin-layer chromatographic method have been reported to work very well (17).

As with other recognized shellfish intoxications, avoiding toxic shellfish is paramount. Effective
monitoring programs are in place and commercial products are typically safe.

F. Azaspiracid Poisoning

In November 1995, at least eight people in the Netherlands became ill after consuming cultured
mussels harvested in Killary Harbor, Ireland. The symptomatology included nausea, vomiting, diar-
rhea, and stomach cramps, and thus was reminiscent of DSP. However, analysis of the offending
shellfish demonstrated negligible levels of either DSP or PSP toxins. After further investigation, a
new class of cyclic polyether shellfish toxins, known as the azaspiracids (Fig. 6), was isolated from
these toxic mussels (54). After the initial outbreak in the Netherlands, further outbreaks in 1997
and 1998 occurred in Ireland, France, and Italy, all of which traced back to mussels harvested in
Ireland. During 1998-2000, monitoring efforts in Ireland showed that most of the major shellfish-
producing areas experienced periods of contamination by azaspiracids (55). The causative organism
in AZP is not yet known. However, the cyclic polyether nature of the molecules and their seasonal
occurrence suggests a dinoflagellate origin (54).

Although the human symptoms of AZP are quite similar to those of DSP, animal studies have
demonstrated major differences. As with okadaic acid, azaspiracid, when administered orally to
mice at 500-700 pg/kg, caused necrosis, erosion of epithelial cells, and fiuid accumulation in the
small intestine. Unlike okadaic acid, however, azaspiracid also caused dilation of the stomach, hepa-
titis and fatty accumulation in the liver, and decreased lymphocyte counts in the thymus and spleen
(56). While the effects of okadaic acid were transient, the deleterious effects of azaspiracids lasted
for many days. These results were later confirmed in chronic exposure studies, which revealed that
the stomach and intestinal damage took several months to heal (57). Even more importantly, this
latter study revealed a tumorigenic property of the azaspiracids. At much lower doses (20-50 pg/
kg) than that required for GI damage, azaspiracids caused lung tumors and hyperplasia in the stom-
ach. And unlike the DSP toxins, these tumors occurred in the absence of added initiators.

FIGURE 6 Azaspiracid. Methylated and acylated derivatives have also been isolated and associated with
azaspiracid poisoning.
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To date, only azaspiracids from mussels cultured in Ireland have caused human intoxication.
ASP is a serious threat to the local industry, not only because of the seriousness of the intoxication,
but because it occurs in the winter when shellfish are free of contamination by DSP toxins. In
addition, toxicity can extend for many months. However, azaspiracids are not restricted to Irish
waters. Levels below the current regulatory limits have recently been demonstrated in mussels from
northeastern England and southwestern Norway (58). Once the causative organism is identified, a
wider distribution of these toxins in shellfish will likely come to light. The European community
is expected to soon endorse a regulatory limit of 16 pug/100 g shellfish tissue for all member nations
(draft Commission Decision SANCO0/2227/2001 Rev-4). An immediate need is increased world-
wide surveillance.

Azaspiracids are inefficiently extracted by the procedures used to extract DSP or PSP toxins.
However, efficient extraction techniques and a sensitive HPLC-MS assay procedure have been de-
veloped (59). Many regions may detect low levels of azaspiracids in shellfish, well below those
required for acute intoxication. However, the tamorigenic properties identified by (56) will no doubt
make this a sensitive issue. Much more research is urgently needed to better delineate appropriate
safety levels for these compounds.

. SUMMARY

Marine foodborne biotoxins are a potential threat to human health through the consumption of vari-
ous seafood products. Because these toxins occur naturally in fresh and otherwise wholesome foods,
possess no visual or olfactory clues to their presence, and are impervious to typical cooking tempera-
tures, they can be a difficult problem for both the industry and the consumer. To combat this problem
most nations have employed vigorous monitoring programs to ensure the quality and wholesomeness
of their seafood. For the most part, these programs are extremely effective. However, occasional
outbreaks of poisoning occur, primarily from recreationally harvested seafood. The exception to
this is CFP, where present technology is insufficient to adequately test the product. Luckily, CFP
is relatively rare; only 205 cases were reported to the CDC from 1993 to 1997 (1). Because this
number undoubtedly reflects significant underreporting, and because many areas of the world have
a much higher incidence of CFP than the United States, there is an urgent need for the development
of new testing technologies for these toxins.

For the recreational shellfish harvester, the best defense against biotoxins is to keep abreast of
information from the state monitoring labs and apply the same standards as the industry. Consumers
are best served by consuming only commercially harvested shellfish or that harvested personally
or by a known source.

In the event of outbreak of seafood poisoning from any source, victims should seek medical
care immediately. Urine and serum samples should be collected and frozen, and any remaining
implicated seafood frozen and retained for investigators. Call the U.S. Food and Drug Administra-
tion’s Center for Food Safety and Applied Nutrition for further instructions. These steps can aid
in timely diagnosis and treatment of victims as well as supply important information on human
pharmacokinetics and elimination of toxins. And, as was the case in Canada in 1987 and Ireland
in 1995, new types of marine biotoxins are often discovered in this manner.
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